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用 2 g/L 的毕赤酵母菌粉与 pH 为 3、浓度为 1 mM 的 HAuCl4 溶液在 30-40 oC 反
应所制得的催化剂具有最好的活性；金纳米颗粒的粒度、纳米颗粒与菌体之间的
结合强度以及所使用的载体种类对于催化活性均有重要的影响。 
最后，利用大肠杆菌、CTAB 和 AA 的三元协同作用制备了大量的一维金纳
米材料，研究了 CTAB、AA 和菌体之间的协同作用机制，考察了大肠杆菌、CTAB、




的快速回收，回收率约为 97.56%。大肠杆菌和 HAuCl4 的浓度对于金纳米材料形




















The research on the preparation and application of gold nanomaterials has been a 
hot-spot in nanotechnology field due to their good biocompatibility and special 
physical/chemical properties. With the development of nano-materials preparation 
technology, utilizing the microbial cells to prepare or assemble nanomaterials has 
gained increasing attention. Compared with the conventional physical and chemical 
methods, the microorganisms-mediated synthesis method exhibits several obvious 
advantages such as low cost, mild reaction conditions and good stability, etc. Utilizing 
microbial cells as template can make full use of rich functional groups on the cell 
surface, which is more favorable for the morphology and size-control of the gold 
nanomaterial. However, the current studies on the microorganism-mediated synthesis 
was focus on the living microorganism. The reduction process is closely related with 
metabolism. The main drawback of utilizing live microorganism is that part of the 
as-synthesized nanoparticles are intracellular and separating nanoparticles from cell is 
necessary, posing difficulties in subsequent processing and applications. In contrast to 
live microorganism-mediated reduction, as metabolic processes are not viable in dead 
cells, most metal ions would be uptaken by the cell wall and prohibited from 
penetrating the intracellular membrane, thus leading to the formation of nanoparticles 
on the cell surface. Few studies using dead microorganisms to synthesize 
nanoparticles have been reported. There is no reports about compositing the gold 
nanomaterials by dead microorganism and developing their application in 
environmental field. 
In this thesis, two different microbial cells were used to fabricate gold 
nanomaterials. Gold nanoparticles (AuNPs) were synthesized through the directly 
reduction of HAuCl4 by Pichia pastoris (P. pastoris). The formation mechanism of 
AuNPs and the catalytic activity of Au/microorganism towards the reduction of 















employed as bio-template and ascorbic acid (AA) as a reducing agent, cetyl trimethyl 
ammonium bromide (CTAB) as a protective agent, repectively. One dimensional gold 
nanomaterials can be prepared through the cell-CTAB-AA coordination. This work 
also propose a new method for the rapid recovery of gold in the solution.  
Firstly, AuNPs bound to the cell surface can be obtained through the directly 
reduction of HAuCl4 by P. pastoris. The formation mechanism of AuNPs on the cell 
surface was studied from the biosorption and bioreduction perspective. The influence 
of reaction conditions on the morphology, size and dispersion of AuNPs were also 
investigated. The results revealed that several mechanisms (such as electrostatic 
adsorption, ion exchange and complexation. etc) were involved in the biosorption 
process and the bioreduction process underwent the stages like 
Au(III)→Au(I)→Au(0). Mannosan layer in the cell wall was supposed to be the 
major sites to synthesize AuNPs and played an important role in the dispersion and 
stability of AuNPs. Low reaction temperatures (<50 oC), weak acidic pH and low 
concentrations of [AuCl4] － were more favorable for the synthesis of spherical 
nanoparticles. 
Secondly, the binding intensity between AuNPs and microbial cell was studied 
by placing the Au/microorganism composite in different solution. The catalytic 
activity of Au/microorganism towards the reduction of 4-NP was evaluated and the 
effect of the parameters including microbial species, Au loading and catalyst 
preparation temperature on the catalytic performance were also investigated. The 
results indicated that the interaction between AuNPs and microbial cell is very strong 
in the non- heavily acidic solutions. It was difficult to strip the nanoparticles from the 
cells even if the microwave or untrasonic field were employed. The 
Au/microorganism exhibited good catalytic activity toward the reduction of 4-NP. The 
optimal catalyst preparation condition is 2 g/L yeast powder reacted with 1 mM of 
HAuCl4 at pH=3 and temperature of 30-40 oC. Size of AuNPs, the binding strength 
between AuNPs and cell and the type of support were demonstrated to have a great 
impact on the catalytic activity. 















coli as bio-template. The ternary coordination mechanism of cell-CTAB-AA were 
studied. The effect of E. coli, CTAB, AA and HAuCl4 concentration on the 
morphology of as-synthesized gold nanomaterials and quantity of precipitation were 
also investigated. The results showed that a large number of one dimensional Au 
nanostructures such as gold nanowires or nanobelts grew around the E. coli cells, 
inducing the rapid aggregation of Au and the E. coli cells. Besides the preparation of 
Au/E. coli composite, this method also provided a new way to recover Au from the 
solution and the recovery rate was about 97.56%. The ternary coordination of 
cell-CTAB-AA was demonstrated to play a vital role in the formation of gold 
nanomaterials and rapid precipitation of Au/E. coli composite. 
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